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HYDROSTATIC TRANSAXLE ASSEMBLY AND
IMPROVED COUPLING ARRANGEMENT
THEREFOR

This application is a continuation of application Ser.
No. 895,536, filed Jun. 8, 1992, now abandoned.

BACKGROUND OF THE DISCLOSURE

The present invention relates to hydrostatic transaxle
assemblies, and more particularly, to such transaxle
assemblies of the type including a hydrostatic transmis-
sion (HST) and an axle assembly including gearing, a
differential, and a pair of axle shafts.

Hydrostatic transaxles of the type to which the Pres-
ent invention relates have been used commercially on
relatively small lawn and garden tractors. For a number
of years, it has been known to combine a hydrostatic
transmission, such as the Model M-7 HST sold commer-
cially by Eaton Corporation, with a mechanical axle
assembly, typically including speed reduction gearing, a
differential gear set and a pair of axle shafts. Although
such HST-gear axle assemblies have generally operated
in a satisfactory manner, the overall configuration of the
HST and gear axle assembly has generally not been
considered optimum, especially for use on relatively
smaller lawn and garden tractors.

More recently, some of those skilled in the art have

attempted to combine the HST and the gearing and
differential in a single assembly, thus improving the
overall configuration (i.e., the size and shape relative to

the rest of the tractor) An example of such a device 1s
illustrated in U.S. Pat. No. 4,856,368, in which an axial
piston pump and axial piston motor are disposed within
a fairly complex assembly of housing portions. Al-

though the device of the ’368 patent could have im-

proved the overall configuration of the transaxle, one

disadvantage of the particular construction is that the
hydraulic fluid utilized by the axial piston pump and
motor would be in communication with the fluid or
grease used to lubricate the gear train and differential.
As is now well known to those skilled in the art, the
Jevel of contamination (i.e., small metal or dirt particles)
must be kept much lower in a hydrostatic pump and
motor than what is acceptable in a gear train or in differ-
ential gearing.

In U.S. Pat. No. 4,979,583, there was an attempt to
overcome the problem of mixing of fluids by “encapsu-
lating” a complete hydrostatic transmission between a
pair of axle casing halves which parted on a horizontal
plane containing the axis of rotation of the axlé shafts.
Furthermore, the stated intent in the *583 patent was to
accomplish the encapsulation in a way which would
segregate the hydrostatic transmission from the gearing,
thus keeping contamination from the gearing out of the
hydraulic circuit of the HST.

Although allegedly solving the contamination prob-
lem, the device of the *583 patent inherently involved
fairly complex structure, in order to achieve the encap-
sulation of the hydrostatic transmission between the
upper and lower axle casing halves. Another disadvan-
tage of the ’583 patent relates to periodic servicing of
the device. As is well known to those skilled in the art,
it is frequently necessary or desirable to service or re-
pair either the hydrostatic transmission or the gearing
only. In the device of the *583 patent, it would be neces-
sary to completely disassemble the axle casing halves, in
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order to have access to the HST, for purposes of per-
forming service or repair.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide an improved hydrostatic transaxle assembly
which achieves the benefits of the hydraulic fluid of the
hydrostatic transmission being segregated from the
lubricant of the gear axle assembly.

. It is another object of the present invention to pro-
vide an improved transaxle assembly which achieves
the above-stated object while, at the same time, the
hydrostatic transmission and gear axle assembly are

“integrated” at assembly in a manner which simplifies

the structural complexity of the hydrostatic transmis-
sion, the gear axle portion, and the overall assembly.

It is a further object of the present invention to pro-
vide a hydrostatic transaxle design which achieves the
above-stated objects while facilitating service of the
hydrostatic transmission, without major disassembly of
the gear axle portion. |

‘The above and other objects of the present invention
are accomplished by the provision of a hydrostatic
transaxle of the type including a hydrostatic transmis-

‘sion having an input means, a hydrostatic pump driven

by the input means, a hydrostatic motor, and an output
means driven by the motor. An axle assembly has a
differential gear means including an input gear and first
and second output gears, first and second axle shafts
driven by the first and second output gears, respec-
tively, and an output gear train operable to transmit
torque from the output means of the hydrostatic trans-

mission to the input gear of the differential gear means.
The axle assembly further has an axle housing assembly
comprising an upper casing half and a lower casing half,
the casing halves being joined together on a plane con-
taining an axis of rotation of the axle shafts and being
operable to journal the axle shafts therebetween.

The improved hydrostatic transaxle is characterized
by the hydrostatic transmission further including a
transmission case comprising a first case portion and a
second case portion, the case portions being joined
together on a plane oriented generally perpendicular to
an axis of rotation defined by the output means of the
hydrostatic transmission. The second case portion in-
cludes-an output hub portion surrounding the output
means, and the axle housing casing halves include an
output portion in tight engagement about the output
hub portion of the second case portion. Another portion
of the transmission case cooperates with a portion of at
least one of the axle casing halves to define a secondary
mounting means and a torque reaction means. The out-
put hub portion, the secondary mounting means and the
torque reaction means comprise the only portions of the
transmission case operably associated with the axle
housing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view, partfy in axial cross-section, and
partly in plan view, of a hydrostatic transaxle made 1n
accordance with the present invention.

FIG. 2 is an enlarged, fragmentary transverse cross-
section, taken on line 2—2 of FIG. 1, illustrating only
the hydrostatic transmission portion of the transaxie of

- FIG. 1.

FIG. 3 is a transverse cross-section, taken on line
3—3 of FIG. 2, and on the same scale, but including an
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input puliey and cooling fan not shown in FIGS. 1 and
2.

FIG. 4 is a transverse cross-section, taken on line
4—4 of F1G. 2, and on the same scale.

FIG. 5 1s a further enlarged, fragmentary, axial cross-
section taken on line 5—5 of FIG. 2.

FIG. 61s a fragmentary, axial cross-section, similar to
FI1G. 1, on a much larger scale than FIG. 1, and on the
same scale as FIG. 2, illustrating the interface between
the output portion of the hydrostatic transmission and
the output gear train of the axle assembly.

FIG. 7 is a transverse cross-section, taken on line
7—7 of FIG. 6, and on a larger scale than FIG. 6.

FI1G. 8 is a transverse cross-section, taken on line
8—8 of FIG. 1, and on a larger scale than FIG. 1.

FIG. 9is a view, similar to FIG. 1, and mostly in axial
cross-section, illustrating an alternative embodiment of
the present ivention.

FIG. 10 1s a transverse cross-section, taken on line
10—10 of FI1G. 9, and on a larger scale than FI1G. 9.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, which are not in-
tended to himit the invention, FIG. 1 is a somewhat
simplified view of a hydrostatic transaxle made in ac-
cordance with the present invention, and with the upper
casing half removed. The transaxle includes a hydro-
static transmission (HST) portion, generally designated
11, and an axle assembly, generally designated 13. In a
typical application, torque is transmitted from the vehi-
cle engine (not shown) to the HST in a manner to be
illustrated and described subsequently. The output
torque of the HST is transmitted by means of an output
shaft 15 to an output gear train, generally designated 17.
The torque is next transmitted to a differential gear set,
generally designated 19, which divides the torque be-
tween a left axle shaft 21 and a right axle shaft 23. The
left and right axle shafts 21 and 23 transmit drive torque
to a pair of vehicle drive wheels (not shown) in a man-
ner well known to those skilled in the art, and which
forms no part of the present invention.

Referring now primarily to FIG. 2, the hydrostatic
transmission 11 comprises, in a manner generally well
known in the art, a hydrostatic pump, generally desig-
nated 25, and a hydrostatic motor, generally designated
27. The pump 25 includes a pump cover 29, while the
motor 27 includes a motor cover 31, and the pump 25
and motor 27 share a common manifold body 33. The
pump cover 29, motor cover 31, and manifold body 33
are joined together by a plurality of bolts 32 to form a
hydrostatic transmission case, generally designated 34.
Thus, the HST 11, as shown in FIG. 2, comprises a
self-contained, stand-alone unit.

Referring now to FIG. 3, in conjunction with FIG. 2,
the pump cover 29 defines an input hub portion 3§,

within which is disposed a bearing set 37, and supported

thereby 1s an input shaft 39. Keyed to the imput shaft 39
1s an input pulley 41, by means of which engine torque
1s transmitted (input) to the hydrostatic pump 25. Dis-
posed on the upper end (in FIG. 3) of the input shaft 39
1s a cooling fan 43, the purpose of which is to draw
cooling air over a plurality of cooling fins 45 (see FIGS.
1 through 3) which are preferably formed integrally
with the pump cover 29. In the simplified view of FIG.
3, the pulley 41 and fan 43 are illustrated as comprising

separate elements, but the pulley and fan could be
formed as a single, integral part.
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At its inner end (bottom end in FIGS. 2 and 3), the
input shaft 39 includes a terminal portion 47 through
which a drive pin 49 extends, transverse to the axis of
rotation of the pump 25 and input shaft 39. The drive
pin 49 engages a cut-out portion 51 of a pump rotor 33,
whereby rotation of the input shaft 39 drives the rotor
53. The pump rotor 53 is disposed about a cylindrical
support member 55 which is press-fit into a cylindrical
bore in the manifold body 33. The support member 35
defines a pair of axially-extending bores 57 and 39 (see
FIG. 2), the bore §7 comprising a low pressure inlet
passage, and the bore 59 comprising a high pressure
outlet passage.

The pump rotor 83 defines a plurality of cylinder
bores 61, and disposed within each bore 61 is a piston or
ball 63, the balls 63 being in engagement with, and re-
strained in their radial travel by, a concave surface on a
race member 65, which is disposed within a cam ring 67.
If the cam ring 67 were moved over-center to reverse
direction of operation of the pump 25, the bore §7
would be the high pressure outlet passage, and the bore
59 would be the low pressure inlet passage. The cam
ring 67 is disposed to pivot about the axis of a cam pivot
pin 69, the pin 69 being received within a pair-of aligned
bores defined by the pump cover 29 and the manifold
body 33. As is generally well known to those skilled in
the art, a small amount of pivotal movement of the cam
ring 67, without going over-center, varies the displace-
ment and output fluid flow of the pump 25, for any
given input speed. Pivotal movement of the cam ring 67
about the axis of the pivot pin 69 i1s accomplished by
means of a displacement control assembly, generally
designated 71, which will be described subsequently.

As the input shaft 39 rotates, the pump rotor 83 ro-
tates. Some of the balls 63 move radially outward in
their respective cylinder bores 61, drawing inlet fluid
from the bore §7. At the same time, certain of the balls
63 are being displaced radially inwardly, thus pumping
pressurized fluid through their respective cylindrical
bores 61 into the bore §9. Referring still to F1GS. 2 and
3, the manifold body 33 defines a pair of axially-extend-
ing bores 73 and 75 which are in communication with
the bores 57 and 59, respectively. Thus, high pressure
fluid is pumped through the bore 75 to the motor 27.

In the subject embodiment, the hydrostatic motor 27
is a fixed-displacement motor, but is otherwise of the
same general construction as the pump 25. Thus, the
motor 27 includes a cylindrical support member 77
which 1s press-fit into the manifold body 33. The sup-
port member 77 defines an axially-extending bore 79,
which communicates low pressure, exhaust fluid from
the motor 27 back through the bore 73 and bore 5§7 to
the inlet side of the pump 2§. The support member 77
also defines an axially-extending bore 81 (see FIG. 4)
which communicates high pressure fluid from the bore
59 through the bore 75 to the motor 27.

Rotatably supported on the support member 77 is a
motor rotor 83 which defines a plurality of cylinder
bores 85, with a piston or ball 87 being disposed recipro-
cally within each of the bores 85. The balls 87 are re-
strained in their radial travel by a concave surface of a
race member 89, the race member 89 being seated
within a recess in the manifold body 33, and restrained
axially therein by the motor cover 31.

The motor rotor 83 includes an output portion 91
which defines a cut-out portion 93, in which is disposed

"a drive pin 95. The drive pin 95 extends through the

output shaft 15, whereby rotation of the rotor 83 is
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transmitted to the output shaft 15. Preferably, the cut-
out portion 93 is generally U-shaped, and extends to the
end (right end in FIG. 2) of the output portion 91, so
that the output shaft 15 and the drive pin 95 are able to
move axially relative to the output portion 91 during
assembly and disassembly. Of course, the drive connec-
tion between the portion 91 and the shaft 15 is not hm-
ited to the pin 95, but could be any other suitable ar-
rangement.

The motor cover 31 includes an output hub portion
97, and disposed radially between the output portion 91
of the rotor and the hub portion 97 is a seal member 99.
It is one important aspect of the present invention that
* hydraulic fluid utilized by the hydrostatic pump 2$ and
the hydrostatic motor 27 remains within the hydrostatic
transmission case. 34, comprising the pump cover 29, the
motor cover 31, and the manifold body 33. However, it
should be understood that the present invention is in no
way limited to any particular configuration of transmis-
sion case 34, except as hereinafter recited in the ap-
pended claims.

" Referring now primarily to FIGS. 2, 4, and §, the
displacement control assembly 71 will be described in
greater detail. A control shaft 101 extends axially
through a pair of cylindrical openings in the pump
cover 29, and is supported for rotation theremn. The
control shaft 101 includes, at its outer end, a threaded
opening 103, adapted for engagement with some sort of
control linkage (not shown herein) of the type well
known in the art. Appropriate movement of the linkage
rotates the control shaft 101 about its axis of rotation,
thereby causing angular displacement of a pin 105
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which, as may be seen in FIG. 2, is received in an open-

ing defined by a cylindrical connector 107, which 1s
disposed within a cylindrical opening in the cam ring
67. Thus, rotation of control shaft 101 results in pivotal
movement of the cam ring 67 about the axis of the pivot
pin 69, in a known manner.

Referring now primarily to FIG. 5, an elongated pin

35

109 is disposed within a pair of openings in the pump 40

cover 29 and is oriented generally parallel to the axis of
rotation of the control shaft 101. Although not shown
herein, it would typically be worthwhile to provide
some sort of seal between the pin 109 and the adjacent

surface of the pump cover 29. The function of the pin 45

109 will be described subsequently. Disposed about the
control shaft 101 is a pair of identical actuator members
111 and 113, which are arranged in a mirror image of
each other about an axis of a pin 115, which is press-fit
into a transverse bore in the control shaft 101, such that
one end of the pin 115 extends out of the control shaft as
shown in FIG. §.

The actuator member 111 includes a stop portion 117,
which engages the underside of the pin 109 in FIG. 4,
while the actuator member 113 includes a stop portion
119 which engages the top surface of the pin 109. Dis-
posed about the actuator members 111 and 113 is a
torsion spring 121 having one end 123 engaging the stop
portion 117, and another end 125 engaging the stop
portion 119. Rotation of the control shaft 101 1n a coun-
ter-clockwise direction, as viewed in FIG. 4, will cause
the pin 115 to rotate the actuator member 111 counter-
clockwise, in opposition to the biasing force of the
spring 121, thus varying the displacement of the pump
25 in one direction (e.g., forward). On the other hand,
rotation of the control shaft 101 in the clockwise direc-
tion, as viewed in FIG. 4, will cause the pin 115 to move
the actuator member 113 clockwise, in opposition to the

50
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6
biasing force of the spring 121, displacing the pump 23
in the opposite direction (e.g., reverse).

In either case, after actuation of the control linkage
ceases, the biasing force of the spring 121 returns the
control shaft 101 to the position shown in FIG. 4, with
the stop portion (either 117 or 119) of whichever actua-
tor member (111 or 113) had been displaced, again being
in engagement with the pin 109, thus insuring centering
of the displacement control assembly 71 and a neutral
position of the cam ring 67, which also results 1n zero
flow from the pump 25. The displacement control as-
sembly 71, which forms no part of the present inven-
tion, is illustrated and described in greater detail, and 1n
several different embodiments, in U.S. Pat. No.
5,234,321, issued Aug. 10, 1993, in the name of Sven B.
Gafvert for a “VARIABLE DISPLACEMENT HY-
DROSTATIC PUMP AND NEUTRAL RETURN
MECHANISM THEREFOR”.

Referring now primarily to FIG. 6, the axle assembly
13 includes an axle housing, generally designated 131,
which includes an upper casing half 133 (shown only n
FIGS. 7 and 8) and a lower casing half 135. The casing
halves 133 and 135 are joined together on a plane which
contains the axis of rotation of the left and right axle
shafts 21 and 23, in a manner which is now generally
well known to those skilled in the art. The recognized
advantage of such an arrangement is the overall struc-
tural simplicity and ease of assembly which results
when the axle shafts, and various other shafts, all have
their axes located on the parting plane between the
casing halves. It is one important aspect of the present

invention to take maximum advantage of this type of
axle housing construction by locating only the output
gear train 17, the differential gear set 19, and the axle
shafts 21 and 23 within the axle housing 131. In other
words, there is no substantial structure within the axle
housing 131 which is not symmetrical about an axis
lying on the parting plane between the casing halves
133 and 135. The particular structure by which this is
accomplished, and which differs from known prior art
structures, will be described subsequently.

The output shaft 15 is rotatably supported within the
axle housing by means of a pair of bearing sets 137 and
139. A gear 141 is fixed to rotate with the output shaft
15, and in toothed engagement with the gear 141 is a
larger diameter gear 143. The gear 143 is fixed for rota-
tion with an idler shaft 145, which has its opposite axial
ends supported within the axle housing 131 by means of
bearing sets 147 and 149. Also fixed for rotation with
the idler shaft 145 is a gear 151, which is in toothed
engagement with a gear 153 disposed about the differen-
tial gear set 19. The shaft 15 and the items 137 through
151, just described, constitute the output gear train 17.
In the subject embodiment, the gear train 17 serves as a
speed reduction gear set, by way of example only, pro-
viding a speed reduction (torque increase) from the
output portion 91 of the hydrostatic motor 27 to the
differential gear set 19 of approximately 17:1. It will be
understood by those skilled in the art that the particular
configuration of the output gear train 17 forms no part
of the present invention, except for the fact that it 1s
conventional to provide gearing to transmit torque
from the hydrostatic motor 27 to the differential gear

set 19. :
Referring again primarily to FIG. 1, the differential

. gear set 19 may be fairly conventional, and includes a

pair of input pinion gears 155 rotatably disposed on a
pinion shaft 157. The pinion gears 155 are in toothed
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engagement with a pair of output side gears 159 and
161, which are rotatably fixed to the left and right axle
shafts 21 and 23, respectively. Preferably, appropriate
bearings and seals would be disposed between the upper
and lower casing halves 133 and 13§, supporting the 5
axle shafts 21 and 23, and retaining lubrication fluid or
grease within the axle housing 131. Thus, it may be seen
from the foregoing description that every element dis-
posed within the axle housing 131 rotates about an axis
of rotation which lies on a parting plane defined by the 10
upper and lower casing halves 133 and 135 (i.e., the
plane of the drawing of FIG. 1). Even the pinion shaft
157 may be viewed as rotating about the axis of rotation
defined by the axle shafts 21 and 23.

Conventionally, a hydrostatic transaxle, of the type 15
to which the present invention relates, would include
some sort of brake mechanism, operabie by the vehicle
operator. Such a brake mechanism comprises no part of
the present invention, and is not illustrated or described
in detail herein. However, as would be apparent to 20
those skilled in the art, such a brake mechanism could
be mounted external to the axle housing 131, and retard
rotation of the output shaft 15, or a suitable brake mech-
anism could be disposed within the axle housing 131 to
retard rotation of the shaft 15 or one of the other mem- 25
bers of the output gear train 17. Alternatively, if it 1s
desirable, on a particular vehicle, to have both braking
and steer-by-brake capability, individual axle (or wheel)
brakes could be provided in assoctation with the axle
shafts 21 and 23. In such an arrangement, the axle (or 30
wheel) brakes could be applied simultaneously, to
achieve braking, or could be applied individually, re-
sulting in “steering”, i.e., pivoting about the wheel
which has been braked.

It is one important aspect of the present invention 35
that the primary interface between the hydrostatic
transmisston 11 and the axle assembly 13 structure is of
the type illustrated in FIG. 7. The output hub portion 97
1s the only portion of the hydrostatic transmission 11
involved 1n this particular interface which, unlike other 40
various prior art structures, does not involve any sort of
complex, expensive structure, such as a pair of mating
flanges bolted together. Instead, the upper and lower
casing halves 133 and 135 are clamped tightly about the
output hub portion 97. More specifically, the upper 45
casing half 133 includes a half-circular output portion
163, and similarly, the lower casing half 135 defines a
half-circular output portion 165. As the upper and
lower casing halves 133 and 135 are assembled by
means of a plurality of bolts 167, the hydrostatic trans- 50
misston 11 1s positioned as shown in FIG. 6, with the
cylindrical output hub portion 97 disposed within the
- cylinder defined by the output portions 163 and 165. As
the bolts 167 are tightened, the result is a rigid mounting
of the axle assembly 13 to the hydrostatic transmission 55
11, which requires no assembly steps beyond those
required to assemble the casing halves 133 and 135
anyway. By way of example only, and not by way of
hmitation, the output hub portion 97 may have a taper,
1.e., its O.D. decreases slightly toward its right end in 60
FIG. 6. Similarly, the inside diameter defined by the
output portions 163 and 165 may be provided with a
corresponding taper. It is anticipated that the O.D. of
the output hub portion 97 would be equal to, or greater
than, the 1.D. defined by the output portions 163 and 65
165, whereby tightening of the bolts 167 would result in
a tight clamping of the portions 163 and 168 about the
hub portion 97. It is believed to be within the ability of
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those skilled in the art to select the appropriate dimen-
sions and tolerance ranges for the 1.D. and O.D. in-
volved.

Referring now primarily to FIG. 8, as a secondary
mounting arrangement, the upper and lower casing
halves 133 and 135 cooperate to define a housing exten-
sion 171 which, in the subject embodiment, is part of the
lower casing half 135 and extends toward the hydro-
static transmission 11. Preferably integral with the man-
ifold body 33 of the HST 11 is a flange portion 173,
which is bolted to the housing extension 171 by means
of a pair of bolts or capscrews 178. The result 1s a sec-
ondary interface or mounting so that the interface
shown in FIG. 7 does not sustain the entire load being
transmitted by the transaxle. In addition, the engage-
ment of the extension 171 and flange 173 on a plane
parallel to the axis of rotation of the output shaft 15
results in this secondary interface also serving as a
“torque reaction means”. In other words, the torque
being transmitted through the transaxle causes a torque
on the hydrostatic transmisstion 11 tending to rotate it
about the axis of the output shaft 15. However, the
connection between the extension 171 and the flange
173 takes up any such reaction torque acting on the
HST 11. Those skilled in the art will appreciate that
there could be another similar arrangement elsewhere
on the transaxle, in which case, one could be considered
the secondary mounting arrangement, and the other
could be considered the torque reaction means even
though each such arrangement performs both functions.

In assembling the transaxle of the present invention,
the lower casing half 135 would be placed in a fixture,
with the shaft 185, the output gear train 17, the differen-
tial gear set 19, and the axle shafts 21 and 23 being
assembled, as shown in FIG. 1, within the lower casing
half 135. Next, the hydrostatic transmission 11 would be
put into its proper location, as shown in FIGS. 1 and 6,
with the drive pin 95 being slid into the cut-out portion
93. The upper casing half 133 would then be put into its
proper location, and the bolts 175 at ]east partially tight-
ened. Finally, the bolts 167 would be tightened, draw-
ing the upper and lower casing halves 133 and 13§
tightly together and clamping the portions 163 and 165
about the output hub portion 97, in the manner de-
scribed previously.

It is one important benefit of the present invention
that the hydrostatic transmission 11 may be removed
from the axle assembly 13, such as for purposes of peri-
odic service or maintenance, without the necessity of
disassembling the axle assembly. This may be accom-
plished simply by removing the bolts 175, and then
merely loosening the two bolts 167 which are shown in
F1G. 7, sufficiently to be able to slide the output hub
portion 97 out of the output portions 163 and 165. This
may be done without loosening any of the rest of the
bolts 167 which are holding the upper and lower casing
halves 133 and 135 together. During such disassembly,
the output shaft 15 remains within the axle assembly 13,
and the drive pin 95 becomes disengaged from the cut-
out portion 93. After completion of servicing the hydro-
static transmission 11, it may then be reassembled to the
axle assembly 13, simply by reversing the disassembly
steps. The gear lubricant or grease disposed within the
axle assembly 13 is not lost, nor are any of the parts
contained therein disturbed in any way durnng such

disassembly and service of the hydrostatic transmission

11. In addition, there is no mixture of hydraulic fluid
with the fluid or grease within the axle assembly 13.
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Similarly, the reduction gearing and the differential can
be repaired or serviced merely by removing the upper
casing half 133, without disturbing the hydrostatic
transmission.

Alternative Embodiment

Referring now primarily to FIG. 9, there is 1llustrated
an alternative embodiment of the present invention,
“which differs from the primary embodiment in several
ways. Given the typical requirement for a vertical input
to the transaxle, and the fact that the axle shafts are
obviously in a horizontal plane, it is necessary to *‘turn
the corner” somewhere within the transaxle. In the
primary embodiment, this is done within the hydrostatic
transmission 11 by means of the support members 53
and 77 being disposed at right angles, and having inter-
connecting passages in the manifold body 33. By way of
contrast, in the embodiment of FIG. 9, there is a vertical
input shaft 201 which appears in FIG. 9 to be oriented
horizontally (in the plane of the drawing) but in reality,
is intended to be vertical (see FIG. 10). The shaft 201 1s
keyed to a bevel gear 203, which is in toothed engage-
ment with a bevel gear 205. The bevel gears 203 and 205
perform the function of “turning the corner” in a fairly
simple manner, resulting in certain advantages to be
described subsequently.

The gear 205 is disposed on an input shaft 207 which
is journalled, at its right end in FIG. 9, by an axle hous-
ing, generally designated 208 (see F1G. 10), comprising
upper and lower casing halves 209 (shown only in FIG.
10) and 211. The casing halves are joined together on a
plane which contains the axis of rotation of the input
shaft 207, left and right axle shafts 213 and 215, an out-
put shaft 217, and an idler shaft 219. It shouid be under-
stood that the joining of the upper and lower casing
halves 209 and 211 is generally the same in the alterna-
tive embodiment as in the primary embodiment. The
primary difference in the axle casing in the alternative
embodiment is that it includes a portion surrounding the
bevel gears 203 and 205, on the input side of the device.

The input shaft 207 extends into a hydrostatic trans-
mission, generally designated 221, which is more similar
in construction to the Model 7 transmission sold com-
mercially by the assignee of the present invention than
is the HST 11 in the primary embodiment. The trans-
mission 221 includes a pump 223, and a motor 225, each
of which is constructed in generally the same manner as
in the primary embodiment. Thus, the pump 223 in-
cludes an input portion 224 and the motor 225 includes
an output portion 226, the portions 224 and 226 being
configured generally the same as the output portion 91
in the primary embodiment. However, in the alternative
embodiment, because it is not necessary to “turn the
corner” within the hydrostatic transmission 221, both
the rotor of the pump 223 and the rotor of the motor 223
may be mounted on a common pintle assembly, gener-
ally designated 227, which typically includes a large
annular central plate with a support member 228 ex-
tending axially through the plate (or perhaps being
integral therewith). The support member 228 may be
quite similar to either of the support members 55 or 77
in the primary embodiment. |

The hydrostatic transmission 221 includes a pump
cover 229 and a motor cover 231, the covers 229 and
231 being joined on a transverse plane, oriented gener-
ally perpendicular to the axis of rotation defined by the
input shaft 207 and the output shaft 217, the covers
preferably being joined by a plurality of bolts (not
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shown in FIG. 9). The pump cover 229 includes an
input hub portion 233, while the motor cover 231 in-
cludes an output hub portion 235, the function of the
hub portions to be described subsequently.

The output torque of the HST 221 is transmitted to an
axle assembly 236, which corresponds generally to the
axle assembly 13 of the primary embodiment. The out-
put shaft 217 is part of an output gear train, substantially
the same in overall arrangement as the output gear train
17 of the primary embodiment. Thus, the output shaft
217 is keyed to a gear 237, which is in engagement with
a larger diameter gear 239, fixed to rotate with the idler
shaft 219. The gear 239 includes a set of teeth 1n engage-
ment with a gear 241, surrounding a differential gear
set, generally designated 243, which drives the axle
shafts 213 and 215 in the same manner as does the differ-
ential gear set 19 in the primary embodiment.

Referring now primarily to FIG. 10, the upper casing
half 209 defines a half-circular input portion 2435, and
the lower casing half 211 defines a half-circular input
portion 247, the portions 245 and 247 surrounding the
input hub portion 233 of the HST 221 in generally the
same manner as was shown in FIG. 7, regarding the
primary embodiment. It should be noted that what 1s
shown in FIG. 10 is also representative of the arrange-
ment which is on the output side of the hydrostatic
transmission 221, i.e., where the casing halves 209 and

211 surround the output hub portion 233.

Referring now to both FIGS. 9 and 10, the pump
cover 229 includes a torque reaction tab 249 which
preferably is trapped between the upper and lower
casing halves 209 and 211, in a recess which may be
defined by the casing halves together (as shown in FIG.
10), or may be defined by either one of the casing halves
alone. In either case, it is intended that the torque reac-
tion tab 249 be trapped or restrained in a manner which

reacts against the tendency for the hydrostatic transmis-
sion 221 to rotate about the axis of the shafts 207 and
217. Preferably, there may be one of a plurality of bolts
251, which are used to join the upper and lower casing
halves 209 and 211, passing through the tab 249, to
insure an especially tight fit between the casing halves
209 and 211 at the point where they trap the torque
reaction tab 249.

Thus, it may be seen that the alternative embodiment
of FIGS. 9 and 10 makes it possible to use a simpler,
more compact, and less expensive hydrostatic transmis-
sion 221 than was the case in the primary embodiment.
However, there is then the need for the input bevel
gearing, and the axle casing halves become somewhat
more complex. On the other hand, the upper and lower
casing halves surround and clamp the HST housing at
both axial ends thereof, thus presumably providing an
even more rigid interface or coupling than in the pri-
mary embodiment.

The invention has been described in great detail in the
foregoing specification, and it is believed that various
alterations and modifications of the invention will be-
come apparent to those skilled in the art from a reading
and understanding of the specification. It is intended
that all such alterations and modifications are included
in the invention, insofar as they come within the scope
of the appended claims.

I claim:

1. A hydrostatic transaxle of the type including a
hydrostatic transmission having an input means, a hy-

‘drostatic pump driven by said input means, a hydro-

static motor, and an output means driven by said motor;
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and an axle assembly having a differential gear means
including an input gear and first and second output
gears, first and second axle shafts driven by said first
and second output gears, respectively, and an output
gear train operable to transmit torque from said output
means of said hydrostatic transmission to said input gear
of said differential gear means, said axle assembly fur-
ther having an axle housing comprising an upper casing
half and a lower casing half, said casing halves being

joined together on a first plane containing an axis of ‘10

rotation of said first and second axle shafts and being
operable to journal said axle shafts therebetween: char-
acterized by: |

(a) said hydrostatic transmission further including a
transmission case comprising a first case portion
and a second case portion, said case portions being
joined together on a second plane oriented gener-
ally perpendicular to an axis of rotation defined by
said output means;

(b) said second case portion including an output hub
portion surrounding said output means;

(c) said axle housing casing halves including an input
portion in cooperative engagement about said out-
put hub portion of said second case portion;

(d) another portion of said transmission case cooper-
ating with a portion of at least one of said axle
casing halves to define a secondary mounting
means and a torque reaction means; and

(e) said output hub portion, said secondary mounting
means, and said torque reaction means comprising
the only portions of said transmission case fixedly
secured with said axle housing. |

2. A hydrostatic transaxle as claimed in claim 1, char-
acterized by output seal means disposed between said
output means and said output hub portion, said output
seal means being operable to retain hydraulic fluid
within said transmission case.

3. A hydrostatic transaxle as claimed in claim 1, char-
acterized by said transmission case including said torque
reaction means being formed integrally therewith and
oriented generally parallel to said axis of rotation of said
first and second axle shafts, said torque reaction means
bemng disposed parallel to one of said axle housing upper
and lower casing halves to prevent rotation of said
hydrostatic transmission case, relative to said axle hous-
ing.

4. A hydrostatic transaxle as claimed in claim 1, char-
acterized by an output gear train being disposed within
said axle housing, and in operable engagement with said
output means of said hydrostatic transmission, said out-
put gear train including at least one gear shaft in opera-
ble engagement with said output means, and oriented
generally parallel to said axis of rotation of said first and
second axle shafts, said axle housing upper and lower
casing halves being operable to journal said gear shaft.

8. A hydrostatic transaxie as claimed in claim 1, char-
acterized by substantially every element disposed
within said axle housing having an axis and being sym-
metrical about said axis, said axis lying on said second
plane containing said axes of rotation of said first and
second axle shafts.

6. A hydrostatic transaxle as claimed in claim 1, char-
acterized by said output hub portion defining a taper,
whereby the outside diameter of said output hub por-
tion decreases in a direction extending away from said
hydrostatic motor, said input portion of said axle hous-
ing halves defining a corresponding taper.

12

7. A hydrostatic transaxle of the type including a
hydrostatic transmission comprising a fluid pump in-
cluding input means and a fluid motor including output
means; an axle assembly having a differential gear
means operable to transmit drive torque to first and
second axle shafts; an output gear train operable to
transmit torque from said output means of said fluid
motor to said differential gear means; said axle assembly
further having an axle housing comprising an upper
casing half and a lower casing half, said casing halves
being joined together on a plane containing an axis of
rotation of said first and second axle shafts and being

~ operable to journal said axle shafts therebetween; char-
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acterized by: |

(a) said input means of said fluid pump and said out-
put means of said fluid motor defining a common
axis of rotation:

(b) said hydrostatic transmission further including a
transmission case comprising a first case portion
and a second case portion, said case portions being
joined together on a plane oriented generally per-
pendicular to said common axis of rotation;

(c) said first case portion including an input hub por-
tion and said second case portion including an out-
put hub portion, said hub portions being disposed
at opposite axial ends of said hydrostatic transmis-
sS10Nn;

(d) said axle housing casing halves including an input
portion in cooperative engagement about said input
hub portion, and an output portion in cooperative
engagement about said output hub portion.

8. A hydrostatic transaxle as claimed in claim 7, char-
acterized by said transmission case including a portion
operably associated with at least one of said axle casing
halves to provide a torque reaction means, operable to
resist rotational torque acting on said hydrostatic trans-
mission, about said common axis of rotation.

9. A hydrostatic transaxle as claimed in claim 8, char-
acterized by said input hub portion, said output hub
portion, and said torque reaction portion comprising the
only portions of said transmission case fixedly secured
with said axle housing.

10. A hydrostatic transaxle as claimed in claim 7,
characterized by substantially every element disposed
within said axle housing being symmetrical about an
axis lying on said plane containing said axes of rotation
of said first and second axle shafits.

11. A hydrostatic transaxle as claimed in claim 7,
characterized by said input hub portion and said output
hub portion each defining a taper, whereby the outside
diameters of said hub portions decreases in a direction
extending axially away from said fluid pump and said
fluid motor, respectively; said input portion and said
output portion defined by said axle housing casing
halves defining corresponding tapers.

12. A hydrostatic transaxle of the type including a

- hydrostatic transmission having an input means, a hy-

65

drostatic pump driven by said input means, a hydro-
static motor, and an output means driven by said motor;
and an axle assembly having a differential gear means
including an input gear and first and second output
gears, first and second axle shafts driven by said first
and second output gears, respectively, and an output
gear train operable to transmit torque from said output
means of said hydrostatic transmission to said input gear
of said differential gear means, said axle assembly fur-
ther having an axle housing comprising an upper casing
half and a lower casing half, said casing halves being
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joined together on a plane containing an axis of rotation
of said first and second axle shafts and being operable to
journal said axle shafts therebetween; characterized by:

(a) said hydrostatic transmission further including a
transmission case comprising a first case portion
and a second case portion, said case portions being
joined together on a plane oriented generally per-
pendicular to an axis of rotation defined by said
output means;

(b) said axle housing casing halves including a receiv-
ing portion disposed to surround said output means
of said hydrostatic transmission;

(c) another portion of said transmission case cooper-
ating with at least one portion of said axle casing
halves to define mounting means and a torgue reac-
tion means; and

(d) said output means, said mounting means and said
torque reaction means comprising the only por-
tions of said transmission case fixedly secured to
said axle housing.

13. A hydrostatic transaxle as claimed in claim 12,
characterized by said output means comprising the only
location of said hydrostatic transmission surrounded by
said axle housing casing halves.

14. A hydrostatic transaxle as claimed in claim 12,
characterized by said second case portion including an
output hub portion surrounding said output means and
defining a generally cylindrical pilot surface piloted
within said recetving portion of said axle housing casing
halves.

15. A hydrostatic transaxle of the type including a
hydrostatic transmission having an input means, a hy-
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means of said hydrostatic transmission to said input gear
of said differential gear means, said axle assembly fur-
ther having an axle housing comprising an upper casing
half and a lower casing half, said casing halves being

5 joined together on a plane containing an axis of rotation
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static motor, and an output means driven by said motor;
and an axle assembly having a differential gear means
including an input gear and first and second output
gears, first and second axle shafts driven by said first
and second output gears, respectively, and an output
gear train operable to transmit torque from said output
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of said first and second axle shafts and being operable to

journal said axle shafts therebetween; characterized by:

(a) said hydrostatic transmission further including a
transmission case comprising a first case portion
and a second case portion, said case portions being
joined together to define a main transmission case,
and output hub portion, and at least one mounting
portion extending radially outwardly from said
‘main transmission case portion;

(b) said axle housing casing halves including a receiv-
ing portion disposed to surround said output means
of said hydrostatic transmission, and a mounting
means in fixed engagement with said mounting
portion of said transmission case; and

(c) said surrounding relationship of said receiving
portion and said output means, and said engage-
ment of said mounting means and said mounting
portion comprising substantially the only engage-
ment of said transmission case and said axle hous-
Ing.

16. A hydrostatic transaxle as claimed in claim 15,

characterized by said main transmission case portion

being disposed out of contact with said axle housing.

17. A hydrostatic transaxle as claimed in claim 15,
characterized by said output hub portion surrounding
said output means and defining a generally cylindrical
pilot surface piloted within said receiving portion of
said axle housing casing halves.

18. A hydrostatic transaxle as claimed in claim 18§,
characterized by said receiving portion defined by said
axle housing casing halves being disposed in coopera-
tive engagement with said output hub portion defined

by said first and second transmission case portions.
* ¥ %x X »
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